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VATICFAL ARVISORY COMMITTEE FOR ATRONAUTICE

MEMORANDUM =FPORT
for the

Bureau of Aercnautics, Navy Départment
AW TNVTSTIAATION OF TP® RANGFR V-770-8 ENGINT
INSTALT ATICN ®OR THE TDO XCS®-1 ATRCTANE
I - COOLING

By Robert N. Conway and M. Arnold Emmons Jr.

STUMMARY
An investigation of the cowling end cooling of the
Ranger V-770-£ engine installation in the Wdo X0SE-1 air-
nlane has been conducted in the Langley rropeller-resesrch
turnel., The present revort contains engine temnersture
datse and cooling correlation analvses of the engine and
cil cooler. Three types of baffles were installed on the

b . 11
engine in the course of the tests: the Danger conventlonal
and turbulent-flow baffles, and the WACA-designed diffuser
bd.x.lle\bc

Bngine-cylinder cooling with either the conventional
or turhhlent .flow baffles 1s predicted (by the correlation
method) to he sdequate for militery power with rich mixture,
and cruise vower with lesn mixture, at the flight condl-
ticne selected for snelysis. (11 cooling is predicted to
be adequate at the selected conditicns of milit ary climb
and maximum endurance cruise, and is shown to require a
slightly larger flapn it area than wasgused in the test
configuration for acequatp cooling st military high sveed.

Cylinder temveratures were below specified linlts,
but excessive temperstures were measured at the magneto
and other. locations on or about the engine.

The three baffle types were each of merit in cooling
a different region on the cylinder. An cptimum baffle
design is thus indicated to combine the best features of
the three tested.
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INTRODUCTION

At the request OF the Bureau OF Aeronautics, Navy
Department, an investigation CcFT the cowling and cooling
characteristics of the power-plant installation for the
2do X0SZ-1 airplane has been carried out in the Langley
propeller-resesrch tunnel. This airplane IS a scout
observation single-float sesaplane powered wfth a Ranger
v-770-8 engine. t has a design high speed with military
power of approximately 192 miles per hour and a climbing
speed of 108 miles per hour; maximim endurance in cruising
flight is obtained at 90 miles per hour with 30 psrcent of
normal power.

Tne wind-tunnel model was a fuil-sczle mock-up of the
forward part of the fuselage and the inboard sections of
the wings. Prom the firewsll forward, the engine and
cowling installation duplicated that propcsed for the
prototype airvlane.

The purnose of the investigation was to determine the
aerodynamic and cooling cheracteristics of the engine
installation from which the adeguacy of cooling could be
determined. A further nurpose of the Investigation was
to ascertain the influence of several cowling and engline-~
baffle modifications on the aerodynemic and cooling charac-
teristics. The aerodynamics of the ccwling Iinstallation
including drag, cooling-air flow, »nressure distributions,
and coolling pressure avallable data are pressnted and dieg-
cussed in reference 1.

The present report contains the results of tests made
to determine cooling correlation equations for two sets of
baffles from which the pressure <rops required for cooling
the engine TOr several flight and power conditions are pre-
dicted and compared with those available to determine the
adequacy OFf the engine cooling. |In addition, results of
easurements of heat rejection from the engine to the oil,
and other cil cooler data are presented. From these the
cooling-air ?ressui-e drops required for the same conditions
used in the engine cocling predictions are oredicted and
compared with pressure drops availabls to determine if the
0il cocoler is adeguste. Cylinder temperatures and other
installeticn temperatursS were measured under test ccndi-
tions aoproximating sea-level climb at military power and
maximum endurance cruise. After corrscticns to standard
conditions had been made, the various instal-lation termer-
atures were compared with limiting temperature values tO
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determine the adeguacy of cocling of these installation
parts. The individual cylinder temperature variations
shown in these tests are comparsable to ssa-level flight
results. Tunnel tests simulating normal power climb were
made to evealuate the effect of the changes in haffles and
cowling modifications on engine instellation temperatures.
All dsta oresented herein werse cbtained at tunnel airspeeds

from &5 to 105 miles per hour.

APPARATUS

Model

The wind-tunnel model (fig. 1)was fabricated of
metal and plywood to the scale of the actual airplane,
duplicating the forward part of the rfuselage and the
inboard wing sections. The principal dimensions of the
model are given in figure 2.

The cowling, designed arid constructed bi/ the Ranger
company ,is discussed in detail In reference 1, This

cowling is similar to one developed previously at the

Langley ILaboratcry for a similar engine in the Bell XP~77
airplane. Alternate arrangements and modif?-cations cf the
cowling, including shutter and flap-type cooling-air exits,
were evaluated in power—off tests and reported in reference 1.
The configuration used in the power-on tests OF 'the present
report end shown in figure 3% was based upon the results of

the power-off tests. &il cooling-air and charge-air recuired
by the engine entered through the cowling inlet to the
pressure DOX. (See fig. lt.) Carburetor and oil-cooler air
were then taken from the rear of the pressure box. Turaning
vanes were installed in the engine~cooling-alr exits and

in the oil-cooler inlet duct. The inlet and exit areas of

the cowling components are given in the following table:
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Cowling inlet 1.&8
Cil-~cooler-duct flap
Flap flush 0.05
Flap open Ll
| Tmgire-cooliag-air {laps o
! Plans flush Lk
Flaos ope: - 1.69

The Rsnger . engine used in the model was operated
from a control peuel mounted outside of the test section
of the tunnel. The instsllation of the engine in the
model 1s shown in figure 5. Pertinent engine and propeller
data are presented in the 101 owing table, Xes sults of the
tyoe test and calibration of an engine of. this series at
the ¥aval Alrcrsft Factory are given in reference 2.

Model NUMBET v o v o o o o x e 0 o 0 e o o s e . T=770-8

‘T:"_L” iaj [‘ﬂ“’ub@l” . v L . ® . - . . o L3 ] o . - ] & RO:"E‘O 99
TYDE o o o« o & « o Inverted V", 12 cylinder, air-ccoled

Power rating

“";ilital"’f’" LI e ' . . s o ° ° o 550 bhp at 3‘500 l"pl’ﬂ
Mormal . . ¢ « « o & o « o o « o 500 bhp at 3150 rom

cal altitude (550 bhpl, £t o« o 5 o o + « « » « . £000

}_lo

Jedo

Crit

Propeller gear ratio + o 4 &+ , o o o s o o s s o o o 332

Cnrbuwetor' 5‘ romberg 2D ORrl mo@ified to give
= - sttt L full rangs mixture centrol
Sunercharger
TIPE o o o o o & o o & o o o o o« o o o o « o o geared
B3peed Tetlo v v v v ek e e e e e e e e e e e %.8@:1
Impellsr diameter, In . « v o o ¢ o « + o o o » 7.625
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Propeller .
Type .« .
Number oOF
Diameter,

.biadeé
ft

5

. . Vemilton Stencard (61£1412) with
molded blade root fairings
Constant speed

. e, 9

[ ] € @ ° ° @ o ° [ e

Three types of baffles were installed on the engine

in the course of the

matically in figure 6

tests, These are shown diagram-
Conventional baffles currently in

use on the V-770-6 and V-770-8 engines were installed on

the -outboard side of
in figure 7.

Turbulent-flow baffles,

the cylfnder barrels only as shown
prevfously used in

experimentel installations of an earlier version of thfs
engine,were installed on both the inboard and outbosrd

sides of

the cylinder heads and barrels.

(See fig. 8.)

The turbulent-flow baffles were modified to permit adjust-

ment of the space between the baffles on the cy

barrels, At

flg, 9&)

ird vaffle was designed and constructe

the Laboratory to cover only. the cylinder barrels.
The diffuser exit of this baffle was designed

linder
at
See

to reduce exit losses encountered with the other types

of' baffles.
left bank only.

The arrangement
shown €N figure 3%.

Oil-cocler duct

Inlet ares, sq ft

0il cooler .

-4 view of the resr
" figure 10.

face of

The diffuser baffles were installed on the

otf the 0il-cooler instellation IS

Some pertinent data on the oil cooler

and oil-cooler system sre given in the following table:

&

0.22

[} ° [ ] ° ° ] L] ° e o [ . [] [

UAP TU-CLEGT71%3 - modified to pass
' all 0il flow through the core
Fllintical

T8 > [} L] [} [} L] [} L] [ L] [ [ ] [
Al"e%‘, Sq_ in- [] [ [] [} [] [} [] [} [] [} [] [} [] [} [] [} [] [} 74
T)e‘_f)t i ino (] [ [] [} [] ] [] (] [ [] [} [] ] [] [] [ [] [} [] 9
Tube, diameter, in. +« + « &« &« + & & 2 = = « » « 9.21

The flame darming exhaust stacks used at first (fig. 5)

failed In operation as shown in ficure 11.

on tests, therefore,

A

For the nower-
tre fishtails were cut off as shown
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in figures 1 and 3, Cooling-afr shrouds were installed
on the stacks as shown in figure 5,

Instrumentation

Stendard engine instruments included in the control
panel were oil, fuel, and manifold pressure gages, oil-
in thermometer, and engine tachometer . These were supple-
mented by numercus thermecouples, pressure tubes, and
miscellsneous instruments installed at the.Laboratory.

Cylinder temperatures were measured at the flange and

In the spark-plug well, both inboard and outboard, snd at
outboard center of the cylinder barrel with imbedded
thermocouples. Additional imbedded thermocouples were
installed on cylinders l4-r and Li~R to obtain temperature
variations over an entire cylinder. Gasket thermocouples
were installed under each spark oplug. Detailed location
of the imbedded thermccouples IS shown in figure-12. Iron-
constantan wire was used in 21l thermocouples and 211
temperatures were recorded within I3°F by a Brown self-
balancing vnotentioneter.

Cooling-air temperatures were measured with thermo-

couples installed =t the cowling inlet and. exits, 1In the
engine vee, and in the accessory compartment. Shielded
thermocouples were used in the engine vee (fig. 1) to
minimize errors caused by radiation, Air temperatures In
the wind stream and in the carburetor-air inlet were
measured within z1° 7 on resistance thermometers. Oil tern-
peratures into and out of the engine were measured with
resistance thermometers (epproximate error *10 r}.

Cooling-air pressures were measured With open-end
tubes installed Yetween the cylinder heads and in low=-
velocity regions behind the baffles as shown in figures 6,
/7, 8, and 13. (Cil-cocler air pressures were measured by
open-end tubes extending through the cooler tubes to each
face as shown in figure 10. Additional pressure measure-
ments, discussed in reference 1, were msde In the cowling
Inlet, cooling-air exits, carburetor deck, and other loca-
tions. 411 pressures were recorded from visual observation
of a multitube manometer.

Fuel-air ratio was sgt approximately from a Cambridge
fuel-air meter. Accurate determination was then made from
fuel-flow measurements cbtained with a rotameter and from -
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air-flow measurements obtained with a calibrated rectan-
gular venturi installed in the charge-atp {nlet duct.

The measurements of charge-air flow obtained with the
venturi were fourid to agree within l} percent with results
from reference 2 Tor corresponding engine-operating con-
ditions, differences in atmospheric condition5 being con~
sidered.

The oil fliow through the engine was measured with a
calibrated orifice installed between the oil tank and the
engine.

SYMBOLS
Cp specific heat, Btu per pound per °m
D propeller diameter, feet.
f/a fuel-air ratio |
H total pressure, inches of water
K constant associated with correlation analysis
m exponent assceiated With (ggAPe)
n exponent assocciated with Wp
P static pressure, inches of water
AP pressure drop = Hf - pp, INChes of water
q dynamic pressure =_%p¥2, Inches of water
T effective thrust, pounds
Te thrust disk loading coefficient
t temperature, °F
Aty charge-air temperature rise through blower, °OF
te mean effective gas combusticn temperature, OF

g, reference mean effective gas tomperature, OF
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dire difference between average oil and entering air
temperature, OF

U unit heat; rejection, Btu per minute per 100° F

2 -‘ velocity; miles per hour

w weight (rate of) flow, pounds per second

A increment of

e heat rejection, Btu per minute

n vropulsive efficiency

0 air density, slugs per cubic foot

5 air density ratio, (p/0.002378)

Subscripts

a ailr at stagnation conditions (upstream of engine)

C oil-cooling air

e englne-cooling air

f upstream of oil cooler or engine

h cylinder head

0 Navy air-

oil engine oil

P engine charge air

r downstream of oil cooler or engine

s standard sea level

METHCDS AND TESTS

- Tests were conducted to enable prediction of antici-
pated cooling of the engine cylinders and oil in flight
at sea level and at altitude, to evaluate cooling in
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simulated sea-level flight, and to evaluate the effects

of baffle 2nd cylinder modifications on cooling. The con-
figurations tested under power-on conditions and discussed
in the present report are listed In the following table,
together with the plotting symbols used in the presentation,

TARL™ 1.~ TEST CONFIGURATIONS

Distinctive engine and cowling
components installed

Configuration|Symbol

Conventional bisffles

A\ Flanned exits ,

- Short exhaust staclks with shrouds
Vaned oill-cocler~inlet duct

1T c‘

Turbulent-ficw haffles

Flepped exits

Short exhaust stscks with shrouds
Vaned oil-cooler-~inlet duct

b  Baffle specing varied on cylinder
barrels

- IDiffuser baffles on left bank

A Turbtulent-flow baffles on right bank
a “ IFlapped exits

Short exhaust stacks with shrouds
Vaned oil=cooler-inlet duct

v
b i+ Short exhaust stacks without shrouds

_ Shert exhaust stacks without shrouds
é 4 Flapped. engine-cooling-air exits .
without venes, firewsll gap sealed

| a ; — N . .

Prediction of Adequacy of Cooling in Flight

The adeguacy of cooling of the engins cylinders and
of the oil cooler for several engine znd f£flight conditions
wag determined by comparing cooling-air pressurs drons
required Tor given temperature limits witi? the pressure-
drops available. Correlation methiods bzsed on the wind-
tunnel teste enabled »nrediction of the rejuired cooling-
ailr pressure drops. Available pressure drops were oObtained
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from wind-btunnel tests simulating flight conditions, as
discussed in reference 1. The flight conditions selected
for predictions of cooling adequacy are defined in the
following table.

TAPLT 2.~ FLIGHT COMDITICNS WOR COCL ING PREDICTIONS

| : i
I'¥Military highy WMilitary .Max. endy
| speed climb i crulse
i 1
Altitude, ft \ { O | 1GC,0C0 0 19,000 | 1500
Alr tewmperature, °F 3 90 | 53 S0 5 . gl
Sneed, moh i 191 20% 108 ¢ 122 90
Aato rich: _
f/a 0.10L i 0.1C2 {0.10L{C.103 | w==n=
Charge air, ib/nr | L300 | 11300 | L300} L300 | ~—-e--
ftuto leean: i .
f/a 1 0.096 | 0.095 |0.096:10.095 0.06l !
Charge air, 1lb/hr | L2501 L250 | L2soil 250 970
Brake horsenower 550 550 153 |
Engine speed, rpm 3300 3200 1600 <
Spark plug temp, °F 518 518 :
(011 out temp, OF | 220 220 220
Tlap setfting ®lush Cpen Flush
Flan area, sq ft : ;

Tnzine exit 0.4l 1.69 0.0l
Cil-cooler exit .05 Nis] I .05
The increase in critical attitude over that of the engine
specification results from carburetor ram, as discussed-

in reference 1.

Engine-cylinder cooling adequacy.- The engine-cylinder-
cooling-correlation analysis was ccnducted for the two con-
figurations employing the conventional baffles and the

urbulent-flow baffles. Complete details of the method of
analysis are presented l.n references 3, li, &nd 5. This
snalysis leads to a relation between cylinder temperatures
and engine and cocling conditions from which the cooling
characteristics of an engine can be predicted with a mini-
mum of testing. The relation is expressed as Tollows:

th - ta _ ()™
t ty m (1)
g - *h ( Gallpe )
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where

Lo

messured with thermocouplesS imbedded near the exhaust”
and intake spark plugs on all cylinders)

t average head temperature, “F (averasge of temperatures

and the other qunntities are as defined under Symbols:

The Stagnation temperature was determined from the
erpression: ~
T"Tod

ta = to 4 r—— (2)

which reduces to

Y

r~y o
tg = tg + 1.79 k )
a © “\100

The stagnation density ratic 1s expressed as:

- Pa - & . (%
o, = E& = 2. (%
Fs 0.002%73 )

where, from the gas laws,
‘ 1

t, + LEO\TT
pa =‘po(j~-@°~—£“'Y ' (L)
\ty + L6Y

From references %, li, and 5, it can be ascertained
that
1 (5)

G, = tp + At

50

Q

(

)

The temperature tg, is affected bty fuel-air ratio, engine

timing, and exhaust back pressure, FoOr the present tests
the engine timing was fixed and the back pressure chanfe
was small.; thus these factors were neglected in determining
the gas temnsrature.

The increment, Atg, 1S expressed as
Aty = 0.8 (toapp + bty (6)
where
tearb = bo * Atcary (7)

(the increment At.grp being experimentally determined)
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and

3
0]
o
o))

-y

N

supercharger tin su o
pty = L5 ger tip s | (8)
: JgCn ,

N2

= 1l engine speed, rom
N 1000 /

Three series of tests, as outlined in the following

were conducted to sstablish the relationship

d in equation (1), and necessary auxiliary rela-
s The tests were conducted with the model “in

he climb attitude at approximately 100 miles ver nour.

'To determine Very | Pold constant

i : -

; 1 LPg | T, rpm, ©/a
om, /a

{4 o /e o/ ;

;tgo vs. £/a | f/a, vpm, Pe i

For the tests with constant fuel-alr ratio, a value

A f ~
of =~ = 0.085 was used.
a

then utilized with the

als
J irom 'O”Sﬁ tkﬂic , d
ilot ionn (1) in the form

call
related data to
t + s 1’3/"'1

iy

E_wumng vs. 597;~, whence the value of F cculd he

obteined. & value of tg, = 1070 at = = 0,085 was
found to correlete best as the required tie~point in
the foregoing series of tests.

Data from the third series of tests were then substi-
tuted in the completed correlation eauation in order o
determine the variation of tgo with fuel~alr ratioc.

To utilize the correlation method of prediction;
which s based on on average cvlinder temperature, the
relationship between the average temperature and the
- highest limiting cylinder temperatures was esteblished.

i
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The correlation equation may then be used to predict
the averasre head temperature when the available cooliﬁg~
air pressure drop, and all other engine and flight condi-
tions are Known, Finally, by using the established
relationship of hottest versus average temperature, the
pesk c7ylinder temperature mav be predicted.

Alternstively,, the process may be reversed to predict
the reouired preyuurc drop for a specified limiting
tempersture.

Tn either case, the available pressuvre drop 1s
determined as a furnctlon of the propsllier thrust disk-
loading coefficient:

T, = - | (9)
e (1. h67v 2 2
Pl 407Vs)

onshlp between T,  and 0y0Pe (fig. 1llj) for
0 nt model was determined é¢uring the wind-tunnel
tests and is detalled in reference 1.

The thrust coeflficient T, mused 1 11
prediction was obteined by corrscting cheracteristics of
a similer nropeller to the activity factor, 99 per blace,
of the vpresent propeller, following standard pfopeller
procedures., Using the apsroximate propuleive efficiencies
of 85 percent in 111Ltﬂry high speed and 70 percent in
military climb and maximum endurance cruise, the value of
thrust used in the foregoing equation may be obtained .
within 3 percent from the equation

(...

O

T = - i (]—O)

where the value of brake horsepower ©bhp 1is that given
INn table 2.

ey’

0il-cooling acequacy.- The oil-cocling correlatio
ana1y°ls requirad cetermining the charzcteristlics of th
engine- ~oil system as a functiocn of engine revolutions per

minute, and determining the unit reat rejection and cooling-
air nressure drop of the nil-cooling system as a function of cooling-
air flow. This information was obtained in teste simulating
maximum endurance crulse, 60 percent power climb, normal
nower ard military power climb, aporoximatsly, and other
tests necessery tc cover the required range. In each cf

o
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these tests ths engine was operated at steacdy conditicns
and of?, temperatures were stabilized, Inlet conditions
were rot controlled, the OII—In zemoeratufe vawvavfrﬁm
157°F to 214° », and the 2ir-in tempsrature varying from
1000" to 1250 w.

Tr:e unit heat reiection is defined as the oil heat
rejection ner lOOO'Ud*fferbncr between the average o011l
tempe%atura eand the air-in temwsrature.

9511
U = ———5=—, Btu/100° ¥/min (11)
T Rgrpp/1000 P S o
diff/ AV
where
+ . -+
, _ Poil ovt T Toiq in
tappp = —o=-BE Gl 2D g k) (12)
“ N
it baving heen determined experimentally that the entering
alr temperature was approximately 5° higher than the .
stagnation temonrature.

6s in the engine-ccoling correlation analysis, 1t is .
possible to predict; either the limiting (0il out) tempera-
ture Or the regquired cooling:-air pressure drop. To deter=-
mine the required pressure drop, the engine-oil system
characteristics are read as 2 function 0Of zngine revolutions
perlﬂlnute and then used to compute the unit heat rejection
for which the required cocling-air flow may be read. The
uncorrected required cooling-zfr pressure drop, based on
the density ratio et the rear 0f the cocler, may then be
read, To correct fcr the addition OF heat to the air, the
density ratio at the rear of the 0il cooler |s svaluated
by utilizing the pressure at the front of the cooler, the
appreoximete pressure drop through the Cocler, and the oil~
heat rejection charscteristics. The equations used in

this step are: \

oo = Hy. y (LEC + tg) (1%)
or
| ) opr = 1.27 L

where , -
Hp ~ He - AP, . ' (1)
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AP, = ? (15)

)
P
o
j))

Boi11 B
tp = (tg + 5) + —~ (1.6)
(0.2 x Wg)
The vsriation of front oressure He with T, 1s
shown In figure 15, and the available pressure drop, AP,
is shown in figure 16. These two curves ars ﬁlqcucs d

further in reference 1.,

=
c
O
C
-t
=5
P
o
o]
ita
3
U
fdo
3
<
-]
w
<t
D
Q.v

Msasurement o

of the XCSE-1 are

The cruisanv ard c,imb;ng gneeds
K 8 2

1 mat losely the con-

it A4 1litery nowe

Pl Q _ unne g&dingTv; t*moev‘m

Gl of the er ne  in llaticn were obtained
under these CORdlaiCn fcr ing and baffle confligu-
ration {IIC) to be installe: ctotyoe airwlane.
Correcticons to a free air rature ol GOOF (Wavy
w,fwaasq\ were made as :p901PLc in reference L, and the

temperatures then compared with limiting tenperatures
°“e01f eé in references 6 and 7. Tiritations of the
wind-tunnel-speed control prevented exact dunlicaticn of
flight speeds in these tests Thé mazimur attainable
norsepower Was apgroXLmqbely-525 wrake horsepower, being
limited by the venturi installation in the charge
intakes. Fue 1 -air ratios were inadvertently set richer
than specified. Desplte these deviations from specified
filght condi ions the accessory temperatures are con-

°Jﬂ9P€u te btz reprecentative of tﬂ(SC that would be
encountered alb the specilied flizht co Pultlhﬁq.. By means

i

o

o3
‘..J
=

;_Jc

C

of the cerra’ation anajy ig, “OHK cylinder
o

g ‘or the specified co

amperatures
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This test infermation enables vrediction of accessory
temperatures nct predictable by any more rigorous method
yet develoned. Inasmuch as these test conditions closely
anproximate sea-level f£flight conditions, the individual
cylinder temperature Varlat*ons from the average are com-
narsble to these which would be experienced in fligth.

Tn acdition, a comparison Wlth Correlation-predicted
temperatures may he made.

Evaluation of Baffle and Cowling Modifications

In order tc evaluate the effects on engine-cylinder
and other engine-installation temperatures of different
cylinder baffles, tests OfF three baffls types were con-
ducted at the norial vower c¢limb condlition, approximately.
The conventional engine baffles, the turbulent-flow
baffles, and the diffuser baffles were tested. As indi-
cated in the configuration table, the diffuser baffles
were installieda on the left bank ohiy the turbulent-flow
baffles being installed on the right bank for this configu~
ration. The test ccnditions are ncted in the following
table:

Flight condition: Wormal nower climb, approximately
£l -4 Baf Tnlet air | - i
Configuration Baffles nrer @l r/a
: . (°F) ! |

TIc Conventional 112 . 0.086 |

TIIa Turbulent flow. 110 - i .098 !

Iva Diffuser, turbu- i g

lent flow , 107 | .098 i

In the presentation, the results have been corrected.
the method of reference 6 to a common inlet air temperature
of 20° %, The cylinder temperature cof configuration ITec
has been further corrected to a fuel-air ratio of 0.093
. th - t
by use of the relation %h t% = a constsnt which follows
g - h

from the engine-cooling correlation.

The effects on ¢ylinder temperatures of varying the
baffle spacing on the cylinder barrels were evaluated
with the turbulent-flow baffles on all cylinders (configu-
raticn TTIIb) at a test condition approximsting 90 percent
vower climb. The presented results heve been corrected to
a common inlet air temperature and a common fuel-air ratio,
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A brisf serles of tests evaluating the effects on
2i1rins temperature of some cowling modifications was made
at avpreximately normal power climb condition. The test
conditions are indicated in the following *able.
[ f s - - T '
Confiei- i
vOnL LN Modificatioen Inlet alr! r/g
ratior N , _ (°F)
Iva None - bhasls of comparison 107 0.098
TVb | Exha stack shrouds removed 108 .098
Ve |E stsck shrouds remcved, | 116 .100
tine~cooling-air exit vanes
smoved, and Po"T-fLP@WQLW
gapn sealed - [

In *h@ presentatiorn, the results were corrected to a
common inlet-zip +PW30“5Lufp and fuel-air ratio.
RESTLTS AYD DISCUSSION
Results are nresented tc show the acequacy of engine-
cylinder cooling and of oil-ceooling as predicted by the
cocling cocrrelation e;alyseu, In addition, individual

)

cvlinder temperatures and other 1-~tall%t10ﬂ temperatures
measured under con ditions comparable to sea-level flight
conditions are vresented. An evaluation of the wppect¢

on engine temperatures of baffle and cowling modifications
is also phown, as discussed under Wethods and Tests.

)
i
D
O
[

ct

O
i
O
O
o]
z....l
o
3
804
o
>
3]
=
s
O
o
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The predicted adequacy cf cooling in flight is based
upen: the methods and tests discussed in the preceding
section, The working cherts 2re sresented on which the
correlation analyses are based, and the additional charts
necessary to use the analyses are sho

anine—cylinder-ﬂocliiv correlat .- i
of the cifferentiel temperature ratio with W, and JglPg
a ec

1la bown in figure °'17 and Lt,';@%p tively, for the con-
ve,tiOLaT anda tﬂvouLeqt—flow baffle installaticns. Sub-
stitution »f the values of ™ and n determined from
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trese plots _enables prenaratwon of the completed analysis
curves in figure 19 whence the correlation equations were
chtalned as

(a) Configuration IIc

-t 2,00 :
by - Ty 0. 89,u 2 0,27

‘ tg - th \OaAPQ

(b) Configuration IITa

b=t 7 1.66\0.40
n T %a = 1.01f'p

£

“

tg - th GaAPG

The correlation for the turbulent-flow baffles differs
from that obtained in a previous investigation for a some~
vihnt similar ceonfiguration, This difference is attributed
to ~kaLDJs in the oarburptlon, in the blower, end in the
pelirle design.

The variation of reference mean effective gas tempera-
ture with fuel-air ratio is shown in fisure 20, It was
possible to fair a common curve through the points obtained
for both cornfigurations. In obtaining this curve, a car-
buretor temperature rise of 79, exgerlmentally determined,
was usced in equation (7).

The relation between hcttest and averege ovl¢“oor
terperatures, necessary in apnlyﬂnh the condition, ig »re-
sented in figure 21, It has been noted that the value of
ty, used in thb present ﬂor“é¢“t*o“ is based on the

averare of temperatures measured with thermocouples
imbecdded near the exhaust and intake spark plucs. This

is in accordance with recent oractice directed toward
gtandardization of procedures., The relationship between
aversane imbedded cylinder head temperatures and the average
spark plug ga sket uekpe“aturcs as uged in earjler corre-
lation work i1s shown in figure 22.

Predicted adequacy of engine-cylinder cooling, - A com-

arison of the required enzine-cooling-air pressure drop,
recicted Ly toe copvnlat on method, with the avallable

[O I
jeH

ssure drop is »rosented in the following table, for
he flicht conditions specified in. table 2.
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A sample calculation is shown in Appendix A.

The available pressure drop is adequate for each of
the specified flight condftions with the mixture set at
automatic rfch. With the excepticn of the turbulent-flow
baffle installation in military climb, the available pres-
sure drop is also adequate for the specified flight condi-
tions with the mfxture set at automatic lean.

The selection of exit areas and flap settings to
furnish a required pressure drop is discussed in referencel,
together with a presentation of cowling design charts. It
IS apparent that, with the mixture at automatic rich, the
cowl flaps may be partially closed thereby reducing the
drag and permitting higher Flight speeds. Alternatively,
the mixture may be set at automstic lean and the fuel con-
sumption decreased for kigh power operation at the expense
of a larger cowling drag.

oil-cooling correlation.™ The characteristics of the
engineg lubrication system as a function of engine revolu-
tions per minute are shown in figure 23. The-heat rejec-
tion from the engine to the oil, the oil temperature rise
across the engine, the rate of oil flow arid oil pressure
are shown. To indicate the engine horsepower of the tests,
a curve of manifold pressure is also shown. A maximum
oil-heat rejection of 2100 Btu per minute was measured at
%300 revolutions per minute, at an oil flow of 105 pounds
per minute and a temperature difference of 36° ¥ between
oil out of the engine and oil Into the engine. ©No effect
of baffle configuration was noted¢ in these tests.

The unit heat rejection of the oil cooler as a func-
tion of oil-cooler air flow is skown in figure 2. 1In
addition the variation of the cooling-air pressure drop
across thé cooler is shown as a function OF cooling-air
flow .

Predfcted adequacy of oil cooling.- The required oil-
cooling-air pressure drop, predicted by the correlation
method for the fiight condition spscified in table 2, is

gompared in tne following table with the available pressure
irop. {
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TABLE li.- ADTRUACY OF COIL COOLTING
AP o
Flight condition: Altitude | 3Sneed (in. H»20)

(rt) (meh) "Required | Aveilable

Militsry high 0 191 2.9 .1

speed i 10,000 203 6,1 3.5

Military climb| G 108 7.9 11.0

L 9,000 122 6.1 10.5
Max. endurance !
Cru_ise ‘ i 1,500 90 0.6 o 155 i

A sample calculation is shewn in Appendix B.

The available pressure drop is adequate for satis-
factory oil cooling in militsry climb and in maximum
encdurance crulsing flight. Adequate pressure drop may
be obtained in military high speed by increasing the flap
opening. PFrom the cowling deslgn charts of reference 1,
it is determined that incrsasing the exit area (flap
flush) to 0.10 square feet would provide the reguired
pressure drop.

Messured Cooling in Sirulated Flight at Sea Level

Bngine cylinder temperatures measured during tests
approximating military power c¢limb and cruising flight
conditions are shown in figure 25, and corresponding
installation temveratures are given in table 5, part (a).
These temperatures have been corrected to an inlet air
temperature of 90°, and in table 5, the correction factors
used are tabulated. Cylinder temperatures were corrected
by a factor of 1.0 on the hesds and 0.7 on the flanges.

Temperature limits, with which these results may be
ccmpared, are listed fn the following tables:

Cylinder-Temperature Linits

] Spark plug Flange
Power rating | gasket temperature | temperature|
- (oF) tve) L
vilitary, 550 bhp - 518 §_ 515
Normal, 500 bhp = hr £18 | 315
Cruise, 350 bhp and below ?g’ i 302
i ARoJE N— -
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Installation-Temperature Limits

' Temperature

Ttem (OF)

. . . : 1
011 in, minimum temmerature 145
0il out, maximum 220
Spark-plug elbow 250
" Magneto 155
AC essory Compartment 140
Carburetor rise . 9

The specified 1imits were exceeded in the accessory
compartment at the cruising condition, and on the magneto
at both the eruising arid climbing conditions, The carbu-
retor air temperature did not exceed the 1imit.

The pattern of engine-cylinder variation was generally
unaffected by the engine power condition. Engine cylinder
temperetures nowhere exceeded the specified limits,
Inasmuch as the test fuel-air ratios were extremely rich.
However, 1IN the previous prediction of cooling adequacy
it iIs iIndicated thet satisfactory engine-cylincer cooling

-will be éxperienced at specified values of Tael-sir ratlo.
A cowparison of these data with calculations using th
correlation method at the conditions of test, 1ndlcateu
an agreement within [|° F of the average head temperature
in maximum sndurance cruise, and within 7°Fin military
power c¢limb.

Effectq of Raf fle and Cowling Noawiwcatwons

Evaluation of baffle type,- The relative merits of
the various types oOf engine baffles are shown by the
sverage temperatures measured at corresponding points on
the various cylinders (fig. 26). These data show thet
the spark-plug temperatures were lower with the turbulent-
flow baffies than with either of the cther designs, whereas
flange temperatures with conventional baffles were below
those with the turbulent-flow or diffuser vaffles. The
lowest barrel temperatures were obtained with .the diffuser
instsllation designed at the Laboratory. A more detailed
comparison of the cylinder temperature with the variocus
baffle configurations is presented in figure 27. The
pattern of temperature variation over the engine was
generally unaffected by changes In baffle configuration
(fig. 27(aj).

fons
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, Temperatures measured at 17 points on cylinder A—L
ancd 4-R with each baffle conngufﬂ*ioz sre shown in

filgure 27(b). 4in inspection of the temperatures messured
on cylinder l-T, 2s shown in fizure 27(b), indicates that
the lowecst average temperature over the entire cylinder
barrel was cbtained with the diffuser baffle. This baffle

annears to be deficient only st the flasnge and outboard

snark-plug thermocounle locs tlanq It is apparent that
modification of the diffuser baffle at the rl ange weuld
result in improved cooling at t% s location. The feasi-

bility of this modification is shown in the bsffle drawing,

flgure 6. Application of the diffuser ¢esign to a head
i

haffle would be exvecited to reduce the temperature at the
cutboard spark plug.
Other installation temperabures (table 5, part (b))

7

recorded during the tests with the varicus. bdf‘les show
fh&u the recormended limits wers exceeded on the magnet

7 330 to ;39 and on the spsrk-plug elbows of cyl;nc@r =R
by 20° to 359 for each ﬂnstulla+1on, ané under some condi-
ticns on the plug elbows of cylinder 1-R. Carburetor air
temperature was marginal,

4
ool

Bvaluation of varicus spacings of thes turbulent-f
baffles on the cylinder barrels,.- Temperatures recordeq
during the series of tests made to evaluate bhaffle-gap
effects ere shown in figure 28. To expedite tmstirg, the
spacings were different on the varicus cylinders during
each test. It 1s belleved that the error introduced
because of varied spacings is of secondary importance.

‘-1

The cylinder temperature as a function of outboard
and inboard gap 1s shown in figure 29(a) and (b), resnec-
tively. These data indicate that the outboard gap should

be set between

=~ jood

and 1 inch on botk banks. Inboard gap
1 .
sgtt1ngs of approximately 25 inches on the Left bank and

-~

15~ inches 0N the right bank appear to orovide the lowest
Ly

temperatures. Tn general, the inbcard gso setting anpears
to be less eritical than the cutbocard setting. 4s the
outboard ga» area is reduced below the effective free area
between cylinders, a rapid increase 1IN tempsrature may be

expected.

The standard settings, used In all cther teste cf

these baffles were = inch on the cutbeard side of both
2
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banks, 2
0~ the

_ 1
ches on the left bank inboard, and 1= fnches
ght bank. Inboard,

e LN

3

Gffect of removing exhaust-stack shrouds.- The effect
on engine temperalfures of removing tne €xhaust-stack
shrouds is shown in figure %0 and table 5. Inbosrd cylin-
der head temperatures were slightly higher without the
shrouds, but the outboard head temperatures were reduced
because of the increased cooling air flow.

Although changes in cylinder temperetures were small,
anprecizble increases in other installation temperatures
accomoanied removal. of the shrouds, (see table 5, part (c).
The carburetor alr temperature was increased to 1:° 7 above
the free-stream temperature, the spark-plug elbows were
hotter and the accessory ccmpartmant temperature was
increased to 359 F above the free-stream temperature.

Bffect of removing the engine-air exit vanes and
sealing the Tirewall gan.- 3lnwltaneocus sealing of the
irewall-cowling gap and removal of the engine-cooling-
air exit vanes are shown in flgure %1 to have had negli-
gible influence cn the engine cylinder temper=atures.
This change, however, by reducing the iflow through the
accessory comoartment effected a 159 P rise 1n accessory
compartment temperature. (See table 5, part (c).)

CONCLUDING RTMARKS

The principal results of the tests of the X0SE-1 power
plant installation, as discussed in the present report,
may be summarized briefly:

1. 7Tngine-cylinder ccoling with the conventional
baffles 1S predicted to be adeausate (b& the correlation
method) TOr the militsry powsr and cruise power flight
conditions selected for analysis,

2. Tngine-cylinder cooling with the turbulent-flow
baffles is predicted to be adequate for the selected.
flight conditions, excent IN military climb at an auto
lean mixture setting. If op ration In the auto lean
condition is desired, ade uate cooling may be obtained with
larger exit areas.

3. ©il cooling is predicted to be adequate (by
correlation method) for the sslected flight conditions of
military climb and maximum endursance Ccruise, but inadequate in

:
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ed. However, adequate cooling may be
ary high speed by increasing slightly

i. Specified temperature limits were exceeded in the

ccessory compartment and at the magneto in tests approxi-
mating the maximium endurance crulse condition, and at the
magneto in normal and military powsr climb concditions
with the conventionsl baffle installation. Wagnstc tempere-
tures were alsc ercessive with the other two baffle instal-
lations under test conditions approximating normal power
climb. Fxcessive spark-plug elbow temperatures were
encountered under test cenditions approximating normal
vower c¢limb with all three baffle types.

5. The conventional barfles were found to provide
lower peak flange temperatures, the turbulent-flow baflfles
provided lower peak head temnsratures, and the NACA
designed diffuser baffles »nrovided lower cylinder barrel
temperatures. Incorporatlion of the best features of the
three types into one baflfle, which appears to be feasible,
would be expected to provide improvements in cylinder
cooling,

6. Optimum spacing betwsen turbvlent-flow baffles,
on the barrels, was found to be approximately 1 inch on

the outboard side of both banks, 2% inches on the left

3 ol

bank inboard side, and 1i£ inches cn the ri
: o
side.

cht bank inboard

<

7. Removal of the exhsust-steck shrouds affected
cylinder temperatures only slightly, but increased the
carburetor air temperature above the Soecified limit, as
well as increasing spark-plug elbow temperatures and the
gccessory compartment temperature.

8. Simultaneous sealing of the firewall-cowling gap
anhd removal of the engine-~ccoling-gir exit vanes had
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little effect on cylinder temperatures but increased the
accessory ccrpartment temperature,

TLangley Msmorial Aeronautical raboratory _
National. Advisory Committee for Aeronautics
Tangley Field, Va.
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pressure drop is shown in the following table,

APPENDIX A

CALCULATICON OF AD=QUACY OF

TN
HiN

GINZ-CYLINDER

27

CCOLING

‘The procedure followed in determining the engine-
cooling-air pressure drop required and the available

applying

to the conventional baffle installation in militery high
speed at sea level.

Item Source
Engine-cooling-air flap Flush
setting '
2.| True airspeed, Vo, mph 191
. Altitude, ft 0
iir temperature, tg, °F 90
.} Alr density, pq, Specified 0.0022,48
slugs/cu ft
.| Brake horsepower 550
Fngine rpm 3300
Fuel-air ratio (auto lean) 0.096
.| Temperature limit of 518

hottest head, OF
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L5I12

AP, in. wster.

Item Source

10.{ Dynamic pressure, Ttems 2, D 16.97
Qgs 1in. water

11. Cooling—airtemperature,5 2, li, eq.(2) 97
ty, OF |

12.] Cooling-air density 4,5, 15,.eq.8,) | ©.976
ratio, og

1%.| Average head temperature,! g, fig. 21(a) 1,78
th O

1li.! Reference gas tempsrature, 8, rig. 20 9280
tgys OF

15.| Gas temperature increment, L, 7, eq. BL,NEB 203
Atg, OF €

16.| Mean effective gas 1i, 15, eq. (5} 1183
temperature, tg,°F

17.! Temperature difference ratio 11, 1%, 16 .50
(th - ta)/(tg - tn)

18.] (0,) /™ /5,070 17, fig. 19 157

19.| Charge-air flow, 6,7, ref. 2 11250
3600 Wy, lb/hr

20. (wp)B.OO 19 , 1.392

21.| 0ghPg, iN. water 18, 20 8.82

22.!Reguired nressure drop, 12, 21 9.0
AP, in. water

2%, Tg Bg. (9) .06l

2li.j Available pressure ratio, 1, 23, fig. 1| .68
APe/d0

25.{ Available pressure d&rop, 10, 2k 11.5
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APPENDIX B

CALCULATION CF ADESUACY COF CIL-COQLING

The procedure followed in determining the oil-cooler-

29

air pressure drop required for military high speed at sea
level and the pressure drop available is shown in the
following table.

o o
- - &

%

Oil-cooler flap
setting

True airspeed, V, mph
Altitude, ft
Air temperature, to, °F

Air density, pas
slugs/cu £t°

Air pressure, p,, in. water
Brake horsepower
Engine ron

O
tOil out, P

Specified

Flush

191
0
90
0.002248
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12

13

ltem

Dynamic pressure
do, IN. water

CoolingSair temoerature,

ta, F

Cooling-air density
ratio, 04

Cil temperature rise,
o O -+ )
Atoiys °F

0il flow, Wyi7, 1b/min

01l hest rejection,
<~ s Btu/mi
9011 Btu/min
t e s
voll. in

: O

Caires °F

Unit hest rejection, U
Btu/mir./100° 7

Q0il-cooler air flow,
Was 1b/min
water

OplPe, 1in.

3

C
(He - po}/do

2
in.

water

Hes

APe , required., in. water
\P,/qo available

AP, avallable, iN.

water

Source : :
i
Items 2, 5 16.97
2, I, eq. (2 o7
L, 51, eq.3)\y |0.9576
8, fiaz. 2% 36.0
8, fig. 23 10L..0
8, fig. 23 2100
9, 1% 18l
9,11, 16, eq.(12) 105
15, '17, eq. (11! 2000
18, Fig. 24 216
19, fig. 2 7.9
eq. (9) 0.06l
1, 21, fig.15 ; 1.28
5, 10,.22 20
12, 20, 23, eq.05  L22
1, 15,19, eq. (16) 143
211,25, eq. (13) .89
20, 26 €.9
1, 21, fig. 16 2L
10, 29 L1
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Oil cooler etit duct

MR No. L5T12

Oil cooler installation

'NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

o

FIGURE 3.- COWLING DETAILS

Ol cooler inlet duct
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L-561

Figure 4.~ Duct inlets and pressure box.
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(c) Outboard.
Figure 8.- Installation of turbulent flow baffles.
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Figure 9.-
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(c) Outboard.
Installation of diffuser baffles.
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Figure 11 - Vertical flame-damping exhaust stacks
which failed in operation.
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